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The purpose of this study was to determine the influence that 
three western Montana conifers had on forage nutritional quality. 
Plant samples were collected from the understories of pure stands 
of Douglas-fir (Pseudotsuga menziesii), lodgepole pine (Pinus oon-
topta), and western larch (Larix oecidentalis) and from clearcuts 
adjacent and alike in all physical characteristics to these stands. 
Samples were analyzed for various components indicative of nutri­
tional quality and comparisons were made for each forest/clearcut 
pair. Levels of cell wall constituents, lignin, cellulose, and 
crude protein were usually significantly higher in forest-grown 
plants. Silica content was also greater in forest-grown pinegrass 
(Calamagrostis vubesoens). Percent ether extract tended to be 
higher in open-grown samples, but varied considerably. The forest 
canopy caused a delay in plant development, which strongly affected 
the chemical composition. Differences among understory species 
were notable, but differences among canopy types were minimal. 
Seasonal and annual variation in forage composition were also noted. 
Overall nutritional quality was apparently higher in open-grown 
plants through most of the growing season. 
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Chapter One: 
OREGON-GRAPE, BEARGRASS, 
THIMBLEBERRY, AND 
; SULFUR LUPINE 
Wildlife management agencies and livestock producers place great 
demands on Montana's forest forage resource. Unfortunately, the 
scientific literature lacks information on what factors control the 
quantity and quality of woodland forage. This research was designed 
to study the influence that three Rocky Mountain conifers have on 
understory forage quality, in combination with other factors affecting 
chemical composition. 
Hammond (1980) compared forage from clearcuts and uncut sites 
near the Continental Divide in Montana. He found that differences in 
nutritional quality occurred among the sites, but depended on the 
forage class examined. Other studies have consistently shown a 
disparity in forage quality between forested and open sites (Cook and 
Harris 1950, Vallentine and Young 1959, McEwen and Dietz 1965, Bailey 
1967, Halls and Epps 1969). 
Environmental influences play a large role in determining the 
quality of forage (Laycock and Price 1970). Shading, increased soil 
moisture, climate modification, and alterations of the growth medium 
may all result from a forest canopy. These factors may vary with the 
overstory species composition. Tukey (1966) showed that different 
tree species may emit considerably different leachates. In this study, 
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we compared nutritional quality of selected forage species from pure 
stands of Douglas-fir [Psendotsuga menziesii), western larch (Larix 
ocoidentalis), and lodgepole pine (Pinus oontorta), and from clearcuts 
adjacent to these stands to evaluate the effects attributable to the 
canopy. 
STUDY AREAS 
Four study sites were established in the Lolo National Forest in 
westcentral Montana. A fifth site was added shortly after the first 
collection period in the Bureau of Land Management's Garnet District. 
Each consisted of a pure stand of Douglas-fir, western larch, or lodge-
pole pine adjacent to a clearcut alike in all physical characteristics 
(i.e., soil, aspect, slope, and elevation) to the forest stand. The 
clearcut areas formerly supported the same tree species as their neigh­
boring timber stands, as evidenced by remaining stumps. Sample collec­
tion areas in each clearcut and forest stand covered approximately one 
hectare. 
Two sites each were located with Douglas-fir (sites DF-1 and DF-2) 
and lodgepole pine (sites LP-1 and LP-2) canopies. One study site (WL-1) 
had a pure western larch canopy. Site elevations ranged from 1450 meters 
at site LP-2 to 1900 meters at site LP-1. Percent canopy coverages 
were 50% at both lodgepole pine sites, 60% at the western larch site, 
and 65% at both Douglas-fir sites. Site DF-1 was situated on a south-
facing 10% slope, while site DF-2 was on a west-facing 45% slope. Both 
lodgepole pine sites had 15% slopes; site LP-1 was east-facing, while 
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site LP-2 was northeast-facing. The western larch site faced north­
west on a 35% slope. All of the clearcuts were from 8 to 15 years 
old at the onset of the study. Logging slash was piled and burned at 
each site 1-3 years after the timber was removed, allowing 6 to 14 
years to elapse between burning and sample collection. Several authors 
have shown that burning effects on browse nutritional quality are 
relatively short term (DeWitt and Derby 1955, Swank 1956, Lay 1957). 
These findings can probably be extrapolated to include forbs and grasses. 
Little other disturbance has occurred on these study sites. 
METHODS 
We collected six sub-samples of forage from both the clearcut and 
the forest stand at each site during each collection period. Collec­
tions were made four times per year during 1980 and 1981. Collection 
periods were late June, mid-late July, late August, and late September. 
In order to be collectible, a forage species had to be sufficiently 
abundant in both the understory and the clearcut at a particular site. 
Degree of usage by grazers was not a major consideration. In addition 
to pinegrass (Calamagvostis rubeseens), which is discussed in a separate 
paper, one representative species was chosen for sampling at each site. 
Thimbleberry (Rubus parvifloms) was collected at site WL-1, beargrass 
(Xerophyllum tenax) at sites LP-1 and LP-2, Oregon-grape (Mahonia 
repens) at site DF-1, and sulfur lupine (Lupinus sulphureus) at site 
DF-2. We collected only live current year's growth, excluding any flower 
or seed-bearing stems. Thimbleberry and Oregon-grape were clipped above 
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the distal-most nodes; beargrass and sulfur lupine were clipped about 
an inch above the ground. Each sub-sample, consisting of enough plant 
material to provide four to five grams of oven-dried material, came 
from a small group of plants. Samples were collected far enough inside 
the clearcuts or forest stands to eliminate any edge effect. We recorded 
phenological stage of samples at each collection period. Prompt oven-
drying at 100° C for 5 minutes halted enzymatic activity. Drying was 
completed at 65° C for 24 hours (Davies et al. 1948). Dried samples 
were ground to pass a 1 mm screen and stored in air-tight glass jars. 
Each sub-sample was redried prior to laboratory analysis so all 
components could be expressed as a percentage of oven-dry weight. Per­
cent crude protein and ether extract were determined according to pro­
cedures outlined by Harris (1970). Percent cell wall constituents 
(neutral detergent fiber), permanganate lignin, and cellulose were 
determined following procedures of Goering and Van Soest (1970). These 
five components were used as indicators of canopy influence on the 
understory species because of their ease of determination and their 
relevance in evaluating nutritional quality. 
A factorial analysis of variance (ANOVA) was used to determine 
significant differences (P < 0.05) between understory and open-grown 
forage for each chemical component. Collection period and year were 
also included as sources of variation, as well as all possible inter­
actions. Site-to-site comparisons were not statistically feasible 
as physical characteristics varied substantially among sites, confound­
ing any comparisons. 
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RESULTS AND DISCUSSION 
A total of 74 samples (444 sub-samples) were collected and analyzed. 
The mean chemical composition of each sample is presented, site by site, 
in Table 1. One must keep in mind that the data are presented as per­
centages of oven-dried weight. Changes in proportions of an individual 
component may reflect both changes in absolute amounts of that compo­
nent and of other constituents. 
Analysis of variance results are given in Table 2. The June, 1981 
data for site WL-1 were not included in the statistical analysis because 
their inclusion without complimentary June, 1980 data creates a bias. 
The total degrees of freedom are therefore reduced. No September 
collections were made at site DF-2 and the total degrees of freedom 
are also lower for this site. 
Annual Variation 
Year-to-year variation was significant in 19 of 25 comparisons 
(Table 2). Although these comparisons were made primarily to extract 
this source of variation in ANOVA, some results are of interest. Annual 
variations in plant chemical composition are to be expected. They may 
be caused by differences in phenological development, weather, soil 
moisture, etc., and are explicable only with detailed records of the 
same. Phenological development was at nearly the same rate each year 
for each species, although extent of flowering differed greatly in 
beargrass and Oregon-grape. It is notable that for percent crude 
protein, lignin, and cellulose in thimbleberry, the resulting F-statistic 
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Table 1. Mean chemical composition of selected forage species from forested 
sites and adjacent clearcuts in west-central Montana tn=6). 
Composition of forage species as percent oven-dry weight 
Overstory/ 
Site 
Forage 
Crude 
Protein 
Ether 
Extract CWCfl Liqnin Cellulose 
1980 1981 1980 1981 1980 1981 1980 1981 1980 1981 
Pseudotsuga menz-Lesii/W-X 
Mahonia vepens 
Jun 
Jul 
Aug 
Sep 
FSc 
14.9 19.5 2. 3 3 .1 29. 7 30.1 6.1 7. 5 16. 3 16 .2 
CCc 14-7 11.2 2, .2 1, .8 33. 2 39.5 7.3 8 .4 18, .8 22 .4 
FS 10.6 11.9 2 .0 2. 5 44 .1 56.9 10.5 13. 0 21. 7 28, .1 
CC 11.4 9.7 1, .8 2. 0 36, .2 43.4 9.3 8. 6 20. 3 23, .0 
FS 10.8 10.6 2. 2 2, .0 47. ,2 53.3 11.8 13. 5 24. 8 27. 2 
CC 9.6 10.6 1. 4 1. 5 42. 0 37.8 8.6 8. 5 23. 7 20. 7 
FS 10.1 10.2 2. 2 3. 8 49. 0 49-4 11-4 13. 0 26. 1 25. 2 
CC 10.5 9.5 2. 1 2. 0 39. 8 34.7 6.7 7. 8 22, .1 18. 3 
Pseudotsuga menziesii/OF-2 
Lupinus sulphureus 
Jun 
Jul 
Aug 
FS 21.1 24.3 2.9 3. 1 28.7 26.6 5.7 3. 3 18. 4 18. 6 
CC 17.2 21.8 2.5 2. 9 29.4 26.2 5.5 3 .4 18. 1 17. 9 
FS 18.9 21.8 2.9 3. 6 26.8 26.3 6.6 5. 5 17. 8 17. 8 
CC 15.6 18.2 2.9 2. 3 27.1 27.4 5.2 6. 6 17. 8 18, .6 
FS 16.5 16.9 3.3 3. 7 26.9 26.5 5.7 5. 5 18. 4 16. 8 
CC 14.3 11.8 2.1 2. 0 25.8 27.3 3.6 5. 7 16. ,9 15. 9 
• oaoidentatis/WL-le 
Rubus parviflorus 
Jun 
Jul 
Aug 
Sep 
FS 13.2 1, .7 28. 7 3. 4 16, .7 
CC 13.3 1. 3 24. 2 3. 1 14 .0 
FS 9.2 9.4 2, .7 2, .9 32 .0 27. 4 7, .5 6, .7 16. 9 15, .4 
CC 10.0 8.7 2 6 2, .6 25 .4 25. 1 7, .0 6. 7 13. 0 12, .6 
FS 8.7 9.2 3, .5 3, .8 29, .9 27. 7 7. 5 8, .0 14. 0 15, .5 
CC 8.4 8.5 3, .3 4. 4 22. 8 22, .0 b. 8 6, .1 10, .5 11, .7 
FS 6.1 6.2 3. 7 4, .6 28, .9 26. 1 7, .2 7. 4 17. 1 16, .7 
CC 6.6 7.3 3. 4 5 .1 20. 7 21. 5 4. 6 5, .1 12. 6 12 .4 
(continued next page) 
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Table 1. Continued. 
Composition of forage species as percent oven-dry weight 
Overstory/ 
Site 
Forage 
Crude 
Protei n 
Ether 
Extract CWCa Lignin Cellulose 
1980 1981 1980 1981 1980 1981 1980 1981 1980 1981 
Pinus aontortafLP-1 
Xerophylfoan tenax 
Jun 
FS 4.8 4.7 1.5 1.0 73, .2 78, .6 14, .7 13, .8 27, .9 31.2 
CC 5.2 5.0 1.5 0.9 73, .2 75, .6 14, .8 16. 2 27, .0 28.4 
FS 4-4 5.8 1-0 1.3 75. 5 75. 6 14, .1 17, .2 29, .5 29.0 
CC 6.0 6.0 1.2 1.3 71. 7 74. 4 14, .8 17, .5 27, .5 29.5 
FS 5.8 6.5 1.0 1.0 75. 2 76, .0 17. 1 18, .6 29, .4 33.2 
CC 5.8 5.9 1.2 1.0 72. 5 73, .8 17. 9 17, .8 28, .5 32.5 
FS 5.6 6.1 1.0 1.2 73. 6 74. 6 18. 1 17. 4 29, .8 31.2 
CC 5.7 5.3 1.1 1.6 73. 5 73. 0 17. 7 17, .8 28. 6 28.3 
Jul 
Aug 
Sep 
Pinus ocmtorta/LP-2 
Xerophyllum tenax 
Jun 
Jul 
Aug 
Sep 
FS 4.2 4. 5 0, .8 0.8 75. 6 77, .2 15. 9 15.3 26.8 29. 9 
CC 5.1 5. 2 1, .2 0.9 73. ,9 74 .7 14. 7 14.5 26.0 30. 2 
FS 4.8 4. 6 1 .1 1.1 76. 0 77, .3 17. .1 17.4 28.0 31. 1 
CC 5.4 5. 6 1 .6 1.2 74. 0 75. 4 17. 0 15.2 27.0 29, .9 
FS 5.3 4. 9 0, .7 1.1 80. 4 77 .2 15. 5 19.9 32.2 31. 8 
CC 6.1 5. 5 1, .1 1.8 77. 9 74, .6 15. 6 17.5 29.9 30. 9 
FS 6.4 6. 0 1. 1 1.2 77. .1 76, .1 18. 7 19.1 31.3 32. 2 
CC 6.4 5. 9 1, .1 1.4 73. 7 73. 4 16. 5 19.3 29.5 29. 1 
Cell wall constituents. 
k Samples collected from forest site. 
c Samples collected from clearcut. 
^ Forage species dead by September. 
e Site not established at first collection period. 
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Table 2. Analysis of variance results for forage samples collected from forested 
sites and adjacent clearcuts in west-central Montana. 
F-test Statistic 
Overstory/Site 
Forage Source df 
Crude 
Protein EE CWCU Lignin Cellulose 
Pseudotsuga menz-iesii/DF-1 
Mahonia repens 
Cover 1 56. 4* 189. 2* 203.6* 301. 7* 55. 5* 
Yeard 1 0. 1 47, .3* 41.4* 47. 7* 11. 0* 
Monthe 3 151, .2* 45. 7* 151.8* 93. 9* 86. 8* 
C x Y 1 52, .5* 58, .2* 17.6* 21. 3* 14-1* 
C x M 3 24 .6* 5. 7* 88.4* 73. 5* 63, .9* 
Y x M 3 1. ,5 13. 1* 31.2* 0. 8 28. 6* 
C x Y x M 3 26, .8* 19. 9* 13.8* 4. 5* 13, .2* 
Residual 80 
Pseudotsuga menziesii/DF-2 
Lupinus sulphurous 
Cover 1 136.7* 169. 5* 0. 4 7. 5* 2.6 
Year 1 40.8* 6. 7* 5, .2* 6, .8* 1.3 
Month 2 151.0* 3. 9* 3. 7* 35 .7* 7.9* 
C x Y 1 1.0 20. 8* 0. 7 32 .7* 0.4 
C x M 2 0.2 31. 1* 0. 7 4 .1* 2.8 
Y x M 2 26.4* 1. 0 8. 5* 42 .4* 3.8* 
C x Y x M 2 4.6* 11. 5* 1. 6 5 .8* 0.5 
Residual 60 
Larix oaaidentalis /WL-1 
Rubus parviflorus 
Cover 1 0. 4 0. 1 199. 5* 61 .3* 258, .3* 
Year 1 0. 0 53. 9* 17. 0* 0 .3 0. 0 
Month 2 69. 7* 87. 5* 20, .7* 14 .4* 22 6* 
C x Y 1 1, .0 8. 2* 14. 9* 0 .2 0. 5 
C x M 2 3. 3* 1. 5 2. 5 13. 8* 2. 0 
Y x M 2 2. ,1 13. 1* 1. 1 2 .1 8. 1* 
C x Y x M 2 2. 3 2. 5 1. 2 2, .3 0. 8 
Residual 60 
(continued next page) 
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Table 2. Continued. 
F-test Statistic 
Overstory/Site Crude 
Forage Source df Protein EE^ CWC^1 Lignin Cellulose 
Pinua oontorta/U'-l 
Xerophyllum tenax 
Cover 1 2, .2 12.7* 60 .1* 7. 7* 33.8* 
Year 1 6. 0* 2.5 49. 0* 31, .5* 63.5* 
Month 3 18. 4* 5.9* 6 .3* 83. 9* 18.8* 
C x Y 1 15. 0* 0.0 0, .6 1, .1 0.2 
C x M 3 7. 9* 3.2* 3, .0* 3, .5* 2.1 
Y x H 3 3. 0* 38.6* 11, .2* 20, .0* 10.5* 
C x Y x M 3 2. 2 2.9* 6. 9* 6. 8* 4.5* 
Residual 80 
Pinus aontorta/LP-2 
Xerophyllum tenax 
Cover 1 41, .2* 106. 3* 94.6* 19.6* 21.8* 
Year 1 5. 2* 12. 2* 1.7 14.7* 39-5* 
Month 3 49. 5* 25, .4* 20.1* 31.5* 22.5* 
C x Y 1 0 .  0 2. 4 0.0 0.9 0.2 
C x M 3 5. 5* 10. 3* 1.1 0.0 2.8* 
Y x M 3 4. 2* 37. 8* 19.1* 14.0* 10.0* 
C x Y x M 3 0 .  ,6 10. 5* 0.4 5.9* 1.2 
Residual 80 
a Ether extract. 
k Cell wall constituents. 
c Forest cover vs. clearcut (no cover). 
d 1980 vs. 1981. 
e June vs. July vs. August vs. September. 
* 
significant, P < 0.05. 
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was very low, and the cover x year interactions for those constituents 
were coincidentally insignificant. Perhaps site conditions were more 
similar at this site during the two field seasons than at the other 
sites, although ether extract and cell wall constituents were signifi­
cantly different between the two years. Ether extract is perhaps the 
most difficult of the components examined to understand. 
Seasonal Trends 
Seasonal trends in chemical components, largely tied to plant 
phenology are visible in the data (Table 1). Month as a treatment in 
ANOVA was significant for every component of every forage species (Table 
2). This treatment combines equivalent collection periods of the two 
field seasons. Year x month interactions, which compare all collec­
tion periods simultaneously for a given species, were significant in 
19 of 25 comparisons, revealing some disparity among values beyond that 
attributed to seasonal trends and yearly variation. 
The most marked seasonal trends are in crude protein. In Oregon-
grape, sulfur lupine, and thimbleberry, percent crude protein generally 
declined throughout the growing season. Relative amounts of protein 
generally peak in spring when plants are succulent and fibrous components 
are yet developing. Campbell and Cassady (1954) demonstrated a pos­
itive correlation between plant moisture and protein content. This trend 
is reversed in beargrass, percent crude protein being highest in mid­
summer at site LP-1 and late summer at site LP-2 (Table 1). Bear­
grass, an evergreen perennial, grows outward in a whorl. When we clipped 
n 
new growth from the center of the whorl, some of the similar-looking 
previous year's growth was undoubtedly collected along with it. This 
impurity was most likely in early summer before new growth dominated 
the center of the whorl. Thus, low percentage crude protein levels in 
beargrass in early summer samples may be a reflection of the samples' 
impurity. However, an upward seasonal trend in percent crude protein 
remains evident and unexplained by the sampling error or by the 
relative amounts of the other components examined. Either the pro­
tein levels of beargrass increased during summer or some unanalyzed 
components (e.g., sugars) diminished, raising the relative amounts of 
other components such as crude protein. 
Percent ether extract increased through the season in thimbleberry 
at site WL-1 and was lowest in mid-summer in Oregon-grape at site DF-1. 
No trends were discernable in beargrass or sulfur lupine. This compo­
nent constitutes a relatively small portion of the plant in all 
species sampled and differences in percent ether extract may more greatly 
represent changes in other components than in absolute amounts of 
ether extract. 
The three fibrous components studied (cell wall constituents, lig-
nin, and cellulose) generally increased with time, particularly percent 
lignin in the early part of the growing season. Relative amounts of 
these components often stabilized or declined in late summer, perhaps 
reflecting a resurgence of growth and increased succulence from fall 
moisture. In thimbleberry at site WL-1, percent cell wall constituents 
declined steadily through the summer and percent cellulose exhibited a 
mid-summer low. 
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Forest Cover Influence 
The influence of tree cover on forage chemical components is 
revealed in the data (Table 2). In 80% of the 25 possible comparisons 
(5 components x 5 sites), there was a significant difference between 
open-grown and understory forage. The exceptions were cell wall 
constituents and cellulose in sulfur lupine (DF-2), crude protein and 
ether extract in thimbleberry (WL-1), and crude protein in beargrass 
(LP-1). 
Beargrass collected at the lodgepole pine sites presents an inter­
esting case because the overstory and understory species are the same; 
however, the site characteristics differ. Site LP-1 is an upper eleva­
tion, east-facing, mesic site. Site LP-2 faces northeast at a lower 
elevation and represents a cooler, moister habitat type. The effect of 
forest cover proved significant for all nutrient components at both 
sites except crude protein at site LP-1. However, both the cover x year 
and cover x month interactions were significant for this exception, 
indicating different effects of forest cover dependent on the month and 
year. This was the only instance of significance of the cover x year 
interaction for beargrass. Cover x month was usually significant, and 
year x month was significant in all cases for beargrass. 
Percent crude protein was higher in the open-grown samples at 
both lodgepole pine sites with the exception of late 1981. This 
reversal, especially prominent at site LP-1, explains the insigni­
ficance of cover in ANOVA and the significant cover x month interaction. 
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Percent ether extract was greater in open-grown beargrass than 
forest-grown samples except in a few collections where differences were 
minute. Because cuticular compounds as well as nutritionally important 
lipids are included in ether extract, differences in cuticle thickness 
among plant samples may account for some of the differences in percent 
ether extract. Skoss (1955) showed that ivy (Hedera helix) leaves grown 
in full sunlight produced heavier cuticles of greater wax content than 
those grown in shade. 
Relative amounts of cell wall constituents and cellulose were 
generally higher in forest-grown beargrass than that collected in clear-
cuts. Percent lignin was higher in forest-grown beargrass during most 
collection periods at site LP-2, but this tendency was reversed for site 
LP-1. This was the major difference between the analyses for the two 
sites. Fibrous components are thought to be more prominent in shade-
grown plants because open-grown plants are more leafy, have higher photo-
synthetic rates, and produce larger quantities of soluble carbohydrates. 
Western larch has two peculiar characteristics that are of interest 
here. Larch trees lose their needles each fall. Also, these needles 
display a noticeably lighter shade of green than most other Rocky 
Mountain conifers, especially in spring. Thus, light quality is cer­
tainly different under western larch. The deciduous nature of this 
species has a twofold effect on the understory: greatly reduced shade 
early in the growing season and substantial mulching each fall. Shade 
reduction would tend to lessen differences between forest- and clearcut-
grown forage, whereas mulching might enhance them. These properties 
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set larch apart from the other overstory species studied. The effect 
of cover was not significant for either percent crude protein or per­
cent ether extract in-*thimbleberry. Interactions were mostly in­
significant. The influence of the overstory did, however, significantly 
affect the three fiber components, which were higher percentagewise in 
forest-grown thimbleberry during every collection period. 
A nearly opposite situation occurred in sulfur lupine collected at 
site DF-2. Proportions of crude protein, ether extract, and lignin 
were significantly affected by forest cover, but percent cell wall con­
stituents and cellulose were not. Lupine, a succulent forb, may mani­
fest greater differences in cell solubles than in structural components. 
Crude protein makes up an exceptionally large proportion of this nitrogen 
fixing species. It is notable that the cover x year and cover x month 
interactions were not significant for percent crude protein, cell wall 
constituents, or cellulose in this species. Percent crude protein 
and ether extract were lower in open-grown lupine at this site, as was 
lignin in 1980. The pattern was reversed for lignin in 1981, producing 
a significant cover x year interaction for this component. The low pro­
portion of lignin in this species may reflect changes in other components 
more than in absolute amounts of lignin. 
Oregon-grape, collected at site DF-1, exhibited significant cover 
influence over all five components. Proportions of all five components 
were generally greater in the forest-grown samples. Soluble carbohy­
drates probably composed a larger proportion of the open-grown plant 
material. During the June collection periods only, relative amounts 
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of the fibrous components were lower in the forest-grown samples. Pheno­
logical ly delayed plants in the understory would tend to be more succulent 
than open-grown plants early in the growing season until rapid cell 
wall development reversed the trend. Nearly every interaction was sig­
nificant for this species, indicating a rather complex relationship 
between the overstory and understory at this site. 
Most of these results agree with those summarized by Laycock and 
Price (1970). Phenological differences between open-grown and shaded 
understory plants probably played the largest role in creating the 
disparities in chemical composition. Indeed, understory forage remained 
vegetative throughout the season. We recorded the phenological develop­
ment of the few individuals that did flower beneath the canopies and 
found that they lagged about 2 weeks behind the open-grown plants. This 
lag stems from later spring warm-up in the shade of the forest. Oelberg 
(1956) named stage of maturity as the most influential effect on 
nutritive value, adding that this influence varies with forage class. 
Cook and Harris (1950) listed site conditions and stage of growth as 
the most important factors affecting nutritional quality of forage. 
Considering the two lodgepole pine sites in this study, the differences 
in results, particularly in percent lignin, were quite likely because 
of the different site characteristics. 
Shading probably affected chemical composition, directly and in­
directly, more than any other forest canopy influence. Other influences 
include increased moisture under the canopy, reduced leaching of forage, 
cooler temperatures, light quality changes, altered soil chemistry, and 
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introduction of leachates from the canopy. Inherent site conditions 
also contribute highly, as they not only affect the understory species 
but also largely determine the overstory species present. Differences 
of influence among tree species are probably minor, except for those 
characteristics of western larch already discussed. 
The inherent characteristics of the forage species examined and of 
the individual specimens form the basis of the plants' nutritional 
quality. The high protein content of sulfur lupine presents the best 
example from this study. Although site factors and stage of maturity 
are influential, the nitrogen-fixing capability of this species en­
sures an initially high crude protein content. Dietz et al. (1962) 
and Short et al. (1966) demonstrated the importance of species in 
nutritional quality. 
Overall nutritional quality was apparently higher in open-grown 
forage. Despite generally higher crude protein content in forest-grown 
forage, higher fiber content, lignin in particular, greatly reduces the 
digestibility. However, each species responded differently to forest 
canopy and seasonal influences. Although phenological trends and 
canopy influences generally followed those found in the literature, 
many exceptions were noted. Caution must be used in extrapolating 
forage nutrition study results. 
Chapter Two: 
PINEGRASS 
A forest canopy has several potential influences on understory 
vegetation, including shade, climate modification, and changes in the 
growth medium. Consequently, understory forage and open-grown forage 
generally differ in chemical composition (Cook and Harris 1950, Vallentine 
and Young 1959, McEwen and Dietz 1965, Bailey 1967, Freyman and McLean 
1968, Halls and Epps 1969, Hammond 1980). However, no attempt has been 
made to examine the effects of individual tree species on forage chem­
ical composition. 
Coniferous tree species of the northern Rocky Mountains differ 
substantially in foliar characteristics. The species composition of 
the canopy affects the quantities and qualities of precipitation and 
light reaching the forest floor. Leachates from various tree species 
may also differ appreciably (Tukey 1966). In this study, we compared 
pinegrass (Calamagvostis vubescens) samples from pure stands of 
Dougals-fi r (Pseudotsuga menziesi-L), western larch (Larix ooci-dentalis), 
and lodgepole pine (Pinus oontorta) to samples from adjacent clearcuts 
to determine the amount of influence, if any, that each of these tree 
species have on chemical composition. 
STUDY AREAS AND METHODS 
Five study sites were established on public lands in westcentral 
Montana (Lolo National Forest and BLM Garnet District). Each site 
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consisted of a pure stand of Douglas-fir, western larch, or lodgepole 
pine adjacent to a clearcut with the same physical characteristics 
(i.e., soil, aspect, slope, and elevation). These clearcuts formerly 
supported the same tree species as their neighboring forest stands as 
evidenced by remaining stumps. 
Two of the sites, DF-1 and DF-2, had Douglas-fir cover on the 
forested portion. Sites LP-1 and LP-2 supported lodgepole pine stands 
and site WL-1 had a western larch canopy. Tree stands were mature in 
each case. All sites were at mid-elevations, ranging from 1450 to 
1900 meters. Slopes and aspects were 10%-south at DF-1, 45%-west 
at DF-2, 35%-northwest at WL-1, 15%-east at LP-1, and 15%-northeast at 
LP-2. Canopy coverages ranged from 50% at both lodgepole pine sites 
to 60% at the western larch site and 65% at both Douglas-fir sites. 
Timber harvest occurred 8 to 15 years before sample collection, 
ample time for site stabilization. Logging slash was piled and burned 
at each site 1 to 3 years after harvesting, allowing 6 to 14 years 
elapsed time between burning and sample collection. Several authors 
have stated that the effects of burning on forage nutritional quality 
are relatively short term (DeWitt and Derby 1955, Swank 1956, Lay 1957). 
As an additional safeguard, we avoided obvious ash concentrations in 
sampling. Little other disturbance had occurred on the study sites. 
Pinegrass was selected for sampling because of its abundance in 
both the clearcuts and the forest stands at each site. A second forage 
species was collected at each site; those species are discussed in a 
separate paper. We collected six sub-samples of pinegrass from both the 
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clearcut and forested portions of each site during each collection 
period. Collections were made in late June, mid-late July, late 
August, and late September in both 1980 and 1981. 
Collection areas encompassed roughly one hectare in each clearcut 
or forest stand sufficiently away from the forest edge. Each sub-sample 
consisted of enough pinegrass to provide about five grams of dried 
material. Plants were clipped just above ground level and all dead 
material and flowering stems were discarded. Phenological stage of open-
grown and forest-grown pinegrass was recorded for each collection. Prompt 
oven-drying of samples at 100° C for 5 minutes halted enzymatic activity. 
Drying continued at 65° C for 24 hours (Davies et al. 1948). Dried 
samples were ground to pass a 1 mm screen and stored in air-tight 
glass jars. 
We redried each sample at 65° C prior to laboratory analysis so 
all components could be expressed as a percent of oven-dry weight. Crude 
protein and ether extract (crude fat) determinations were made according 
to procedures outlined by Harris (1970). Cell wall constituents 
(neutral detergent fiber), permanganate lignin, cellulose, and silica 
analyses followed procedures of Goering and Van Soest (1970). 
These components were used as indicators of plant chemical composition 
because of their ease in determination and bearing on forage quality. 
A factorial analysis of variance (AN0VA) was used to determine 
significant differences (P < 0.05) between understory and open-grown 
pinegrass for each chemical component. Collection period and year were 
also included as sources of variation, as well as all possible interactions 
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of cover, year, and month. Intersite comparisons were subjectively 
made because different physical characteristics at each site precluded 
meaningful statistical comparison. 
RESULTS AND DISCUSSION 
A total of 456 pinegrass specimens were collected and analyzed. 
The mean values of six chemical components for 5 sites are listed in 
Table 1. The reader should keep in mind that the data are percentages 
of oven-dry weight of plant material, not absolute amounts. Varying 
percentages of a particular component reflect changes in absolute 
amounts of that component as well as other plant constituents. 
Table 2 contains the ANOVA results for each study site. June, 1981 
data from site WL-1 were excluded from ANOVA because their inclusion 
without complimentary June, 1980 data creates a bias. The same holds 
true for the September, 1980 data from site LP-1, which were also 
excluded. The total degrees of freedom for these two sites are con­
sequently lower than for the other three sites. 
Seasonal Variation 
Most of the components analyzed exhibited seasonal trends (Table 1). 
As pinegrass develops, particular components increase or decrease in 
relation to others. Month as an ANOVA treatment was significant for 
all components at all sites except lignin and cellulose at site WL-1 
and cellulose at site DF-1 (Table 2). Equivalent collection periods 
of the two years were combined in this treatment. 
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Table 1. Mean chemical composition (percent oven-dry weight) of pinegrass 
from adjacent clearcuts and forested sites in west-central Montana 
(n=6). 
Crude Ether 
Protein Extract CWC^ Liqnin Cellulose Silica 
1980 1981 1980 1981 1980 1981 1980 1981 1980 1981 1980 1981 
Pseudotsuga menziesii canopy (site DF-1) 
lnn FS2 12.5 13.3 1.9 2.7 64.1 62.0 3.3 3.4 30.7 29.4 12.1 7.7 
dun CC3 9.8 10.1 2.0 2.3 61.0 57.3 3.3 2.1 27.4 27.7 8.6 7.3 
FS 11, .5 11. 2 2.0 2 .4 62. 6 62. 4 3. 6 4. 0 28.5 28. 7 10, .2 11, .5 
CC 9. 2 8. 5 1.8 2, .9 60. 7 58. 0 3. 8 3. 7 26.8 25. 9 7, .8 8, .4 
FS 11. 1 9. 9 1.6 2, .7 74. 2 64. 1 4. 3 4. 2 26.8 26. 9 12, .9 13. 2 
CC 7. 4 5, .9 2.2 4. 1 60. 6 60. 2 4. 4 3. 1 27.4 27, .3 6. 8 10, .2 
FS 9. 2 8, ,2 2.3 3. 1 6b. ,6 57. 2 3. 9 3, ,5 26.8 26. 0 12. 4 12, .5 
CC 5. 0 5. ,2 3.4 4. 9 60. 8 57. 5 4, .8 3. 4 28.1 25, . 2  9. 3 10, .2 
Pseudotsuga menziesii canopy (site DF-2) 
FS 13. 3 11 .1 2, .1 2, .0 62.8 62, .4 3, .5 2 .8 27 .4 28, .5 7.9 9, .4 
CC 9. 6 9 .5 2. 0 2. 1 60.7 57. 6 4. 0 2. 0 26, .9 27, .6 5.6 5, .5 
FS 10. .1 11. 7 1. 6 2. 9 66.2 61. 5 3, .8 3, .7 27, .6 28, .4 12.8 10, .3 
CC 8. ,8 8. 5 2. 1 2. 2 61.6 56. 7 3. 5 3, .5 26, .7 27, .0 8.1 6. 4 
FS 10. 5 9, .4 3. 0 3. 4 64.6 61. 9 3. 8 3, .8 27 .6 27, .7 12.0 9. 8 
CC 6. 9 6, .4 2, .8 3. 8 62.2 60. 9 4, .9 4, .3 26. 6 27, .3 10.4 8. 3 
FS 7. 8 7, .0 2. 1 2. 9 63.3 60. 2 2. 8 3, .8 27. 4 27, .6 12.8 11. 0 
CC 5, .3 6, .1 Z. 4 3. 7 64.8 61. 6 3. 0 4. 6 27. 4 28. 1 11.2 8. 7 
Larix ooaidentalis canopy (site WL-1)^ 
FS 11. 6 1. 3 62.4 2 .4 29 .8 6 .5 
CC 9 .9 1. 4 59.5 2, .5 28. 5 7. 3 
FS 10. 6 9. 0 2. 1 2 .4 63.4 62.7 3. 5 3, .3 27, .9 28. 6 10. 2 11 .8 
CC 8. 0 8. 3 2, .1 2, .6 59.6 60.4 3, .6 3, .8 27, .0 26, .7 10. 4 12 .4 
FS 8. 6 8, .4 2. 3 3. 0 63.2 62.5 4. 0 3. 4 27. 4 29, .1 12. 6 13. 3 
CC 7. 1 6. 5 2. 4 3. 4 62.4 61.9 3, .2 3. 7 27. 4 27. 4 13, .0 14, .8 
FS 7. 7 6. 9 2, .3 3. 4 63.8 61.6 2. 9 2, .6 26, .8 28. 3 13. 6 12, .9 
CC 6. ,1 5, .7 3. 2 4 .9 63.5 60.1 4, .1 3. 6 26, .5 27. 6 14. 5 12, .5 
(continued next page) 
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Table 1. Continued. 
C r u d e E t h e r I  
Protein Extract CWC Lignin Cellulose Silica 
198Q 1981 1980 1 981 1980 1981 1980 1981 1980 1981 1980 1981 
Pinus oontorta canopy (site LP-1)® 
Jun 
Jul 
Aug 
Sep 
FS 11.6 12.2 2.0 1.9 64.0 65, .0 2.9 3.3 29.7 31 .0 4 .6 6. 1 
CC 10.6 10.2 1.9 2.0 61.3 58. 5 2.7 2-4 28.7 28 .8 3 .6 5 .7 
FS 9.8 10.1 1.8 2.2 64-0 64. 8 3.5 3.6 30.7 30 .6 8 .3 10. 3 
CC 8.8 7.2 2.1 2.4 60.5 56.7 3.1 2.7 28.0 27 .6 7 .5 6. 8 
FS 7.5 8.9 1.2 2.3 65.4 64. 1 2.3 3.6 29 0 29 .5 14 .2 12, .1 
CC 7.2 5.4 1.8 3.3 56.0 59. 7 2.b 2.8 26.4 28. 3 10 .6 9. 3 
FS 5.9 1.8 64 5 2.9 28.3 14 .4 
CC 5.2 2.5 62.6 3.2 30.4 10.3 
Pinus aontovta canopy (site LP-•2) 
FS 10.4 10.0 1.9 1.7 62.9 63. 8 2.9 3.3 29.6 30, .9 8. 4 7, .6 
CC 11.9 9.4 2.2 1.6 59.2 58. 0 2.9 2.8 27.8 27. 2 7. 6 7. ,2 
FS 8.3 9.4 1.6 2.1 64.0 62. 8 4.2 3.7 29.2 29. .1 11. 5 11. 6 
CC 9.2 8.6 1.2 2.6 64-5 58. 9 3.8 2.9 28.3 27. 9 9. 6 9. 7 
FS 8.8 9.0 2.0 3.0 69.3 64. 5 4.3 3.7 28.7 29. 0 13. 3 15. ,3 
CC 7.7 7.1 2.3 3.8 63.9 60. 5 4.1 4.0 28.8 27. ,5 11. 0 12. 5 
FS 7.4 6.8 1.8 2.9 64.9 63. 1 3.5 3.9 27.5 26. ,7 15. ,9 17. 3 
CC 8.0 6.8 2.3 4.3 62.7 57. 9 3.1 4.1 27.9 26. 5 13. .1 11. 9 
* Cell wall constituents. 
2 
Forested site. 
^ Clearcut. 
4 
Site not established during first collection period. 
® Pinegrass snow covered during final collection period. 
Table 2. Analysis of variance results for pinegrass samples collected from 
forested sites and adjacent clearcuts in west-central Montana. 
F-test Statistic 
Crude Ether ^ 
Source df Protein Extract CWC Liqnin Cellulose Silica 
Pseudotsuga menziesii canopy (site DF-1) 
2 
Cover 1 276 .6* 117.6* 367 .5* 4 .2* 24 .1* 91.7* 
Year'* 1 4. 4* 313.0* 269 .0* 24 .4* 10 .1* 0.2 
Month^ 3 101 .9* 99.3* 73 .8* 21 .5* 22 .4* 10.8* 
C x Y 1 0, .0 13.8* 32 .4* 24 .9* 1 .2 6.4* 
C x H 3 2 .5 45.0* 37 .4* 5 .2* 14 .5* 3.1* 
Y x M 3 3 .9* 15.3* 18 .9* 5 .7* 3 .8* 10.7* 
C x Y x M 3 1, .0 8.3* 37 .7* 0 .7 3 .9* 2.2 
Residual 80 
Pseudotsuga menziesii canopy (site DF-2) 
Cover 1 254. 8* 16.9* 86. 4* 6, .7* 12. 5* 148.1* 
Year 1 4. 5* 211.2* 165. 4* 1. 2 11. 9* 40.5* 
Month 3 146. 4* 169.9* 11. 0* 28, .6* 1. 0 54.3* 
C x Y 1 3. 4 0.2 0. 7 3. 9 0. 0 0.6 
C x M 3 4. 7* 12.9* 34. 1* 8, .6* 3. 1* 7.8* 
Y x M 3 6. 8* 28.7* 9. 7* 41. 1* 0. 4 10.3* 
C x Y x M 3 8. 4* 26.7* 3. 5* 5. ,6* 0. 6 1.5 
Residual 80 
Larix oaaidentalis canopy (site WL-1) 
Cover 1 66. ,7* 91.6* 45. 4* 8.8* 23. 5* 2.3 
Year 1 8. 1* 279 9* 23-9* 1. 1 17. ,7* 2.2 
Month 2 50. 2* 152.9* 6. 0* 1. ,5 2. ,6 14.9* 
C x Y 1 2. 8 9.8* 0. 1 2 6 7. 3* 0.0 
C x M 2 0. 3 44.1* 10. 4* 8.8* 1. 9 0.4 
Y x M 2 0. 1 26.3* 15. ,0* 0.8 2. 4 6.8* 
C x Y x M 2 2. 4 1.3 2. ,8 1.8 0. ,9 0.8 
Residual 60 
(continued next page) 
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Table 2. Continued. 
F-test Statistic 
Source df 
Crude 
Protein 
Ether 
Extract CWC1 Liqnin Cellulose Silica 
Pinus oontorta canopy (site LP-1) 
Cover 1 143. 0* 58, .4* 440. ,3* 18 .7* 102. ,3* 65.2* 
Year 1 2. 4 160, .2* 1. ,8 4 .7* 7. ,6* 0.7 
Month 2 230. 3* 6, .7* 3. 9* 6 .8* 13. ,3* 225.9* 
C x Y 1 48. 3* 3, .4* 4 4* 13. 5* 0. ,0 0.6 
C x M 2 1 .  2 27 .6* 6. 0* 1 .  6 3. ,3* 0
9
 
C
O
 
*
 
Y x M 2 2. 3 86, .7* 8. 9* 5. 4* 4. 0* 16.3* 
C x Y x M 2 5. 3* 3 .4* 30. 6* 2. 3 3. ,2* 5.0* 
Residua! 60 
Pinus oontorta canopy (site LP-2) 
Cover 1 0. 6 41, .1* 
C
O
 r-
H
 
7* 3. 3 30.0* 71.7* 
Year 1 6. 4* 195, .5* 80. 1* 0 ,  .2 3. ,5 1.5 
Month 3 33. 4* 78. 8* 24. 0* 13.8* 14. ,7* 120.8* 
C x Y 1 7. 4* 16. 6* 10. 7* 0 .  1 7. 0* 1.5 
C x M 3 3. 8 13. 2* 5. 5* 1 .  2 9. 2* 7.2* 
Y x M 3 2. 6 48. 1* 8. 2* 7. 1* 2. 4 3.4* 
C x Y x M 3 0. ,5 6. 2* 4. 0* 1 ,  .6 0 .  9 1.5 
Residual 80 
* significant, P < 0.05. 
* Cell wall constituents. 
2 
Forest grown pinegrass vs. open grown pinegrass. 
3 1980 vs. 1981. 
4 
June vs. July vs. August vs. September. 
25 
All collection periods were compared simultaneously by the year x 
month interaction, which proved a significant source of variation in 
23-of 30 comparisons (5 sites x 6 components). This indicates a 
difference in seasonal variation dependent on the year of collection. 
Percent crude protein declined markedly during both field seasons 
at all five sites. Relative amounts of crude protein normally peak 
early in the growing season when plants are succulent and structural 
components are not fully developed. Campbell and Cassady (1954) 
found a positive correlation between plant moisture and protein 
content. 
Ether extract content generally increased through the season, but 
fluctuated at times. Proportions of this component were relatively 
small and may have mirrored changes in absolute levels of other com­
ponents more than in absolute amounts of ether extract. 
Percent cell wall constituents fluctuated unpredictably. No 
trend was apparent for this constituent. Levels of cellulose, an element 
of cell wall constituents, remained fairly stable through both seasons. 
Changes in percent cellulose tended to be small and followed no pattern. 
Consequently, seasonal variation was insignificant for cellulose at 
two sites. Lignin, also a subcomponent of the cell wall, increased 
percentagewise at a slow rate. Percent silica increased moderately 
through the growing season. Structural components show relative 
increases as plants become less succulent and cell walls thicken. 
McLean et al. (1969) reported seasonal changes in pinegrass quality 
in southern British Columbia. Pinegrass collected from aspen (Populus 
tremuloides), Douglas-fir and lodgepole pine stands declined in per­
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cent crude protein and increased in percentages of lignin, acid 
detergent fiber, and silica through the growing season. Crude fat 
levels peaked in late August but fluctuated considerably. Crude 
fiber increased early in the season, leveled off, then decreased in fall. 
Annual Variation 
Year as a source of variation in ANOVA was generally significant 
for crude protein, cell wall constituents, cellulose, and ether extract 
(Table 2). Varying weather conditions and soil moisture from year to 
year contribute to annual variation in forage quality. As was already 
demonstrated, stage of development also affects chemical composition. 
Pinegrass developed one to two weeks faster in 1981 than in 1980. 
Seeds were mostly shattered by the last week of August in 1981, but at 
the same time in 1980, the seeds were just beginning to shatter. This 
disparity in development rates certainly added to the significant 
differences in chemical composition between the two years. 
Conversely, lignin and silica levels were fairly similar between 
the two field seasons. Annual variation was insignificant at three 
sites for percent lignin and at four sites for percent silica. It is 
notable that the cover x year interaction was significant for silica at 
site DF-1 only and was insignificant in over half of the comparisons 
overall. Apparently, the presence or absence of a canopy has little 
bearing on the extent of annual variation. 
Forest Canopy Influence 
Forest canopy cover was a significant influence on pinegrass chem­
ical composition at every site (Table 2). Cover was an insignificant 
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factor only for silica at site WL-1 and for protein and lignin at 
site LP-2. 
Percent crude protein was always higher in the forest-grown 
pinegrass, except for the 1980 samples from site LP-2 (Table 1). The 
crude protein levels at this site were higher in the understory pine­
grass in 1981, however, resulting in a significant cover x year inter­
action. 
Ether extract levels were generally higher in open-grown pinegrass 
or about the same in and out of the forest (Table 1). Cuticular com­
pounds as well as nutritionally important lipids are included in ether 
extract. Consequently, differences in cuticular thickness may account 
for some of the variability in ether extract content. Skoss (1955) 
demonstrated that ivy (Hedera helix) leaves grown in full sunlight had 
heavier cuticles of greater wax content than shade-grown leaves. Tribe 
et al. (1968) found that in oats (Avena sativa) and barley (Hovdeum 
vulgare), cuticle deposition was directly proportional to light 
intensity and inversely proportional to relative humidity. These 
findings indicate thicker cuticles, and therefore greater ether 
extract content, in open-grown plants. 
Cell wall constituent levels were almost always higher in forest-
grown samples. Understory pinegrass tended to be more stemmy than 
open-grown pinegrass and therefore more fibrous. In general, open-
grown plants are more leafy and contain greater proportions of soluble 
carbohydrates. A notable exception was the September collection period 
samples from site DF-2. This site was situated on an exposed ridge top 
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facing the prevailing wind. The pinegrass here cured out earlier than 
at the other sites, especially in the clearcut. The understory pine­
grass remained green longer and became less fibrous than the open-grown 
plants late in the season, resulting in a significant cover x month 
interaction. 
Lignin levels were higher in shade-grown plants slightly more often 
than in open-grown plants, but no patterns were apparent. On the 
other hand, percent cellulose was nearly always higher in shaded pine­
grass. Percent cellulose was occasionally higher in the clearcut 
samples, but only in the latter part of the growing season. 
Silica content was significantly higher in forest-grown pinegrass 
at all sites except WL-1. Cover was insignificant for silica at this 
site, although percent silica was consistently higher in open-grown 
samples. Johnston et al. (1967) noted that wide environmental differ­
ences may cause variation in silica content of grasses. 
These differences in composition between open-grown and shaded 
pinegrass were similar to those reported by Freyman and McLean (1968). 
They found higher crude protein and lower soluble carbohydrate contents 
in shaded pinegrass, but found no consistent differences in levels of 
silica, acid detergent fiber, or lignin. 
Open-grown pinegrass differed substantially from understory pine­
grass in phenological development and growth form. In the clearcuts, 
pinegrass typically reached the boot stage by late June and the dough 
stage by late July. Ripe seeds were shattered by mid-September and 
leaves were well into the curing stage by late September. In the 
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understory, pinegrass was almost totally vegetative and stayed green 
several weeks longer than open-grown plants. Open-grown pinegrass was 
more leafy and grew in bunch form; understory pinegrass was stemmier 
and grew singly. 
Phenological delay was probably the greatest and certainly the most 
obvious influence of the forest canopy on pinegrass composition. 
Shading, an indirect influence, causes higher soil moisture, cooler 
temperatures, and later spring warm-up, which all tend to delay develop­
ment. Consequently, crude protein levels were higher in the more succu­
lent forest-grown pinegrass. Laycock and Price (1970) stated that many 
environmental factors, including shade, indirectly affect chemical com­
position by altering plant development rates. Oelberg (1956) and 
Cook and Harris (1950) also noted the importance of stage of maturity 
in determining nutritive value of range forage. Other overstory influences 
may include reduced leaching of forage, introduction of leachates 
from the canopy (Tukey 1966), and altered soil chemistry. 
No major differences in canopy influence were noted among the over-
story species studied. Seasonal variations and canopy influence were 
generally the same for all overstory species. It seems that inherent 
site characteristics would be more important factors because they not 
only affect the forage chemical components but also largely determine 
the overstory species composition. Cook and Harris (1950) demonstrated 
the importance of site characteristics in governing forage composition. 
Western larch stands out among the three tree species studied 
because of its deciduous nature. Shade levels are reduced early in the 
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growing season and the understory is mulched every year by the fallen 
needles. These two effects are somewhat compensatory because shade 
reduction reduces differences between understory and open-grown 
vegetation while mulching would tend to enhance them. At any rate, 
tree boles and branches still create substantial shade even when 
needles have fallen. Larch also has noticeably lighter needles than 
Douglas-fir or lodgepole pine. Light quality is certainly different 
under larch, although the effect on forage composition is probably 
minor. 
The inherent characteristics of pinegrass form the basis of its 
chemical composition. Levels of each component are nearly the same at 
every site. For example, cellulose content ranged less than 6 percent 
for all samples, from 25.2% to 31.0%. Short et al. (1966) and Dietz et 
al. (1962) demonstrated the importance of species in nutritional compo­
sition. 
The higher contents of indigestible silica and lignin and partially 
digestible cellulose in understory pinegrass make it less nutritious to 
herbivores than open-grown pinegrass, despite higher crude protein levels. 
However, understory pinegrass may become relatively more nutritious in 
fall when open-grown plants are curing out and becoming more fibrous. 
Silica levels became excessively high in all samples by late September, 
making this species very poor in forage value for fall grazing. Other 
understory species containing less silica, if similarly influenced by 
the forest canopy, may become superior to open-grown forage late in the 
growing season. 
Chapter Three: 
CONCLUSIONS 
Each forage species analyzed reacted somewhat differently to the 
influences of season and forest cover. Although nutritional quality 
appeared better in open-grown plants, one must consider other factors 
before applying these results in a management plan. The animal 
species using the forage, season of grazing, plant parts and species 
selected, and digestibility of the forage all bear on its quality. 
The main point to consider is that the forest canopy does indeed 
influence the chemical composition of the understory vegetation. The 
effect varies with the phenological stage of the plant. It would be 
interesting to go beyond the scope of this study and examine the extent 
of canopy influence in early spring and late fall, both critical seasons 
for grazing animals. Other chemical components, particularly soluble 
carbohydrates, calcium, phosphorus, and beta-carotene, would also be 
interesting to monitor. 
It appeared that the overstory species was largely irrelevant in 
affecting forage chemical composition. Forest managers wanting to 
enhance grazing capacity should concentrate on the forage-cover ratio, 
forage species composition, and season of use. The results of this 
study are species specific and should not be extrapolated to all forage 
species. It is thought, however, that most species will be affected 
one way or another by a forest cover. 
31 
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